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Short Title: Blind test predictions 
 
Abstract 
Earthquakes cause severe damages to masonry structures due to inertial forces acting in the 
normal direction to the plane of the walls. The out-of-plane behaviour of masonry walls is 
complex and depends on several parameters, such as material and geometric properties of 
walls, connections between structural elements and the characteristics of the input motions, 
among others. Different analytical methods and advanced numerical modelling are usually 
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used for evaluating the out-of-plane behaviour of masonry structures. Furthermore, different 
types of structural analysis can be adopted for this complex behaviour, such as limit analysis, 
pushover or non-linear dynamic analysis. 
Aiming to evaluate the capabilities of different approaches to similar problems, blind 
predictions were made using different approaches. For this purpose, two idealized structures 
were tested on a shaking table and several experts on masonry structures were invited to 
present blind predictions on the response of the structures, aiming at evaluating the available 
tools for the out-of-plane assessment of masonry structures. This paper presents the results of 
the blind test predictions and the comparison with the experimental results, namely in terms 
of formed collapsed mechanisms and control outputs (PGA or maximum displacements), 
taking into account the selected tools to perform the analysis. 
 
Keywords: Masonry, out-of-plane, seismic performance, numerical analysis, predictions. 
 
 
 
1. Introduction 
Natural hazards have caused a considerable number of disasters in the last decades. According 
to the World Bank, from 1975 to 2005 the number of natural disasters increased from 
approximately 100 to more than 400 (Parker et al., 2007). These events lead to important 
economic impacts (Noy, 2009), deaths and irrecoverable losses due to the collapse of existing 
masonry buildings. Consequently, earthquakes contribute significantly to these natural hazard 
disasters. It is predicted that in the current century the total fatalities caused by earthquakes 
will increase to about 2.57±0.64 million (Holzer and Savage, 2013). Recent seismic events 
caused severe damages to a considerable number of existing masonry constructions, such as 
the earthquakes in L’Aquila (Italy, 2009) (Augenti and Parisi, 2010; D’Ayala and Paganoni, 
2011), in Canterbury (New Zealand, 2010 and 2011) (Leite et al., 2013; Moon et al., 2014), in 
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Emilia (Italy, 2012) (Milani, 2013; Penna et al., 2014) and in City of Napa (USA, 2014) 
(Galloway and Ingham, 2015). 
Existing masonry constructions present high seismic vulnerability, which is mainly related to 
the following aspects: (a) low tensile strength and ductility of masonry; (b) weak connections 
between orthogonal walls and between walls and horizontal diaphragms; (c) high mass of the 
masonry structural elements; (d) flexible horizontal diaphragms; (e) absence of seismic 
requirements at the time of their construction (Lagomarsino, 2006, Lourenço et al., 2011).  
Regarding the out-of-plane behaviour of these structures, the low strength/mass ratio of 
common masonry structures increases their vulnerability in the out-of-plane direction because 
inertia forces are not restrained due to reduced stiffness and strength of the masonry walls in 
that direction (Ferreira et al., 2014). 
For this reason, the seismic performance of masonry structures has received great attention in 
the last decade, mainly for masonry buildings without box-behaviour (Costa et al., 2013b; 
Lourenço et al., 2011; Shawa et al., 2012; Mendes et al., 2014). However, little consensus 
exists on the most appropriated assumptions and approaches for modelling unreinforced 
masonry buildings without box-behaviour, where the out-of-plane performance still needs 
further research (Ferreira et al. 2014). 
Motivated by the previous aspects, approximately 25 world experts on masonry structures met 
in Guimarães (Portugal) prior to the 9th International Masonry Conference (9IMC, July 2014) 
for a one-day Workshop focused on the out-of-plane assessment of existing masonry 
buildings. The experts were invited to present blind-predictions for two idealized one-story 
masonry structures, which were previously tested on a shaking table subjected to 
unidirectional ground motions (out-of-plane excitation). Thus, this paper presents the 
comparison between the seismic response obtained from the blind predictions as well as 
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between the blind predictions and the experimental response. The comparison of seismic 
response was evaluated mainly in terms of collapse mechanisms and maximum load capacity.  
 
2. Seismic analysis of masonry structures 
Masonry is a heterogeneous material that consists of units and joints, and presents distinct 
directional properties, being the mortar joints, in the case of regularly dressed masonry, planes 
of weakness (Lourenço, 1996). The geometrical parameters, such as unit and joint dimensions 
or the arrangements of bed and head joints, increase the complexity of masonry structural 
analysis. According to Lourenço (2002), three main modelling approaches can be adopted for 
masonry, namely: (a) detailed micro-modelling, in which the units and mortar of joints are 
represented by continuum elements whereas the unit/mortar interface is represented by 
discontinuous elements; (b) simplified micro-modelling, in which the expanded units are 
represented by continuum elements whereas the behaviour of the mortar joints and 
unit/mortar interface is lumped in discontinuous elements; (c) macro-modelling, in which  
units, mortar and the unit/mortar interface are smeared out as a homogeneous continuum 
material. Besides the different modelling approaches in terms of material, several structural 
analysis techniques can be adopted for masonry structures, such as limit analysis, kinematic 
analysis with rigid macroblocks, pushover analysis and non-linear dynamic analysis with time 
integration. Furthermore, two main methods for advanced numerical modelling can be 
adopted, namely: (a) Finite Element Method (b) Discrete Element Method.   
Since the inverted catenary principle, published by Robert Hooke in the 17th century, to the 
development of graphical catenary-based methods by La Hire in the 18th century, and Rankine 
and Moseley in the 19th century, rational approaches started being considered. After classic 
limit analysis and the relation between limit analysis and thrust line stated by Kooharian in 
1952 (Kooharian, 1952), several simplified but more sophisticated analysis methods were 
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developed (Nielsen, 1999). For the assessment of arches two main approaches were 
developed (Kooharian, 1952; Heyman, 1969), which were later applied to other types of 
masonry elements, namely: (a) static approach, based on the principles of thrust lines; (b) 
kinematic approach, based on the analysis of failure mechanisms with rigid macroblocks. In 
general, these approaches correspond to simplified analyses assuming that the masonry has no 
tensile strength along the block interfaces, has infinite compressive strength and that sliding 
failure is not permitted. Different assumptions have been implemented for limit analysis with 
macroblocks, see for example (Gilbert et al., 2006). The use of graphic methods became 
outdated due to advances in computer technology (Lourenço, 2002) and the analysis of 
historical construction using the thrust line approach is difficult to solve, such that the 
kinematic approaches are more practical and effective. Models based on the rocking motion 
of monolithic walls, i.e. kinematic approach with macroblocks, allow good estimations of the 
collapse load factor and of the displacement capacity (Lagomarsino, 2015, Doherty et al., 
2002; Orduña and Lourenço, 2005, Mendes, 2014). Non-linear dynamic analyses of rocking 
systems has been proposed as well for the interpretation of field and laboratory observations 
(Papantonopoulos et al., 2002; DeJong 2012; Sorrentino et al., 2014a-b). 
Mechanisms can be proposed on the basis of the knowledge obtained from post-earthquake 
surveys of similar buildings, using the crack patterns obtained from experimental research and 
on the basis of practitioner experience. Thus, a bad evaluation of the possible mechanisms can 
lead to the non-consideration of the mechanism with the lowest load factor and, consequently, 
can lead to a failure load higher than the real maximum capacity of the structure (Mendes, 
2014; Mauro et al., 2015). 
The numerical models based on the Finite Element Method (FEM) allow several materials 
and types of elements (beam, shell, solid, etc.) to be easily combined. The non-linear seismic 
analysis of masonry buildings through FEM numerical models has been performed using 
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discrete models (simplified micro-modelling approach) (Lourenço, 1996), continuous and 
anisotropic models (macro-modelling approach) (Lourenço et al., 1997; Lourenço, 2000) and, 
mainly, continuous and isotropic models (macro-modelling approach) (Mendes and Lourenço, 
2014; Roca et al., 2013; Peña et al., 2010). The detailed micro-modelling approach has not 
often been used for masonry buildings, mainly due to the difficulty of mesh preparation using 
FEM software solutions and long-time consumed to run the non-linear analyses. FEM 
numerical models based on the macro-modelling approach present in general several 
simplifications, in terms of geometry and material properties, with respect to the real non-
linear dynamic behaviour mainly for complex masonry buildings. 
The Discrete Element Method (DEM) presents two types of formulation for masonry 
structures: (a) discrete models in which the blocks with polyhedral shapes can be assumed as 
rigid or deformable, and the discontinuities are treated as boundary conditions between 
blocks; (b) discrete models with spherical particles, which are not yet practical for larger 
structures. The DEM models allow realistic representations of complex structures (e.g. 
monuments composed by domes, vaults, arches and columns), including detailed block 
arrangements (Azevedo et al., 2000; de Felice and Giannini, 2001; Lemos et al., 2011) and 
typical dynamic rocking motion (Peña et al., 2007). DEM is also appropriate for modelling 
the out-of-plane collapse of multi-leaf masonry walls taking into account the real unit 
arrangement (de Felice, 2011). Although most FEM codes allow the development of models 
using the micro-modelling approach, only the general contact formulations implemented in 
DEM and combined FEM-DEM (Munjiza, 2004) allow the development of analyses in the 
large displacement range. 
The recent work presented by Ferreira et al. (2014) presents a global overview of the state-of-
art regarding the out-of-plane analysis of masonry structures and possible approaches. 
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As presented in the cited work, the assessment of the stability of masonry structures may be 
carried out by using three types of approaches, namely force-based (FBA), displacement-
based (DBA) and energy-based (EBA or rigid body-based as named in Ferreira et al. (2014)) 
approaches. According these approaches the stability is evaluated comparing the demand and 
capacity of the structure in terms of maximum load capacity/strength (FBA), maximum 
displacement/deformation (DBA) and energy balance (EBA). For more information on 
seismic assessment of masonry structures, see Sorrentino et al. (2016) and Penna (2015), for 
the case of stone masonry buildings. 
 
3. Shaking table tests 
3.1   Description of experiments 
A blind prediction challenge was carried out in which experts on masonry structures were 
invited to present their conjectures on the dynamic response of two idealized masonry 
structures tested on a shaking table and subjected to unidirectional ground motion. One 
structure was constructed of irregular stone and the other of clay-unit masonry with English 
bond (Figure 1 and Figure 2). The walls of the brick structure were built with perforated 
brick, and cement-based mortar, whereas the walls of the stone specimen were built with 
granite stone and lime-based mortar. The configuration of each structure included a single 
perforated unreinforced wall with a gable, and return walls on both ends. In each structure, an 
opening was placed in one of the returning walls, resulting in an asymmetry, and 
consequently, inducing torsional movements. The thickness of the walls was equal to 0.500 m 
and 0.235 m for the stone and brick structure, respectively. 
Each structure was tested on the LNEC shaking table in Lisbon (Portugal). A unidirectional 
seismic action was applied perpendicular to the gable wall and by stages of increasing 
amplitude. As identified by Costa et al. (2013a), the characteristics of the ground motions 
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may significantly influence the out-of-plane behavior of the specimen if near-field inputs are 
used. In the present case, the selection was made resorting to a near-source ground motions 
with significant acceleration input. For more information regarding the input see Candeias et 
al. (2016). Wallettes constructed with corresponding types of masonry were tested under 
vertical and diagonal compression to provide baseline values of Young´s modulus, tensile and 
compressive strength and the specific mass of masonry. These parameters were sent to the 
experts for consideration in their blind predictions. 
 
3.2   Results of tests 
Accelerations and displacements were measured at several locations across the height and 
length of the gable and return walls. Maximum relative displacements near the top of the 
gable walls are present in Figure 3 for each test and structure. For the penultimate test run of 
the stone structure (Figure 3a), the peak out-of-plane displacement was 25.4 mm, and 
occurred at the center of the gable wall (LVDT 2) and at the corner of the return wall with 
opening (LVDT 3). The peak relative displacement was significantly lower (12.4 mm) at the 
corner of the return wall without openings (LVDT 1). In the last test run, the stone structure 
presented a maximum displacement equal to 218.5 mm (center of the gable wall). 
Concerning the brick structure (Figure 3b), in the penultimate test run the largest out-of-plane 
displacements were equal at the center of the gable wall and at the corner of the return wall 
with openings (5.4 mm). However, the out-of-plane was much less at the corner of the return 
wall without opening (0.7 mm), which is in agreement with the commonly expected response 
for asymmetrical twisting of a system. In the last test, the maximum out-of-plane 
displacement was about 136.5 mm. The opening in one of the return walls resulted in an 
asymmetric stiffness, and thus different response of the left and right corners. In the last test 
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run, the maximum displacement increased significantly, particularly for the brick structure, 
due to severe damage and/or partial collapse of the gable and return walls. 
Although full collapse of the stone structure did not occur despite peak ground accelerations 
as high as 1.07 g, the return wall with opening incurred severe damage due to in-plane shear 
and flexure. Stones at the right top corner fell out (Figure 4b and 4d). However, the return 
wall without openings incurred little damage. If the test structure was subjected to a further 
test of increasing amplitude, the gable wall would have likely fallen out and substantial 
damage to the return wall with opening would have occurred. Out-of-plane collapse of the 
gable wall would likely be a result of diagonal cracking of the left pier, and horizontal 
cracking at mid-height of the right pier. In the last seismic test of the brick test structure (PGA 
= 1.27 g) the tympanum of the gable wall fell outwards (Figure 5a) as is commonly observed 
in many earthquakes. Furthermore, the lintel and pier of the return wall collapsed due to in-
plane behavior, and the corner rotated due to torsional effects. It is noted that Figure 4 and 
Figure 5 only present the moderate and severe damage caused by the last seismic tests. For 
more information on the shaking table tests see Candeias et al. (2016). 
 
4. Expert predictions 
The geometry of the structures, the material properties (specific mass, Young´s modulus, 
tensile and compressive strength), the normalized accelerogram envelopes of the seismic 
action applied at the base, and the corresponding response spectra were provided to the 
experts. No specific requirements were given to experts in terms of the types of computed 
results they needed to provide. 
The experts presented several modelling approaches, type of structural analysis and 
assessment criteria for predicting the dynamic behaviour of the structures. It is noted that the 
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predictions were made for either or both test structures depending on the expertise of the 
expert. Three modelling approaches were adopted: 
 Modelling approach based on rigid blocks defined according to the expected collapse 
mechanisms. A total of 23 models with rigid blocks were prepared.  
 Modelling approach based on the Finite Element Method (FEM). Seven FEM models 
were prepared using the macro-modelling approach and three FEM models were 
developed using simplified micro-modelling. One of the latter resorted to a combined 
FEM-DEM strategy. 
 Modelling approach based on the Discrete Element Method (DEM). Three DEM 
models were prepared using rigid elements, for simulating portions of the masonry 
walls (not the units), and interface elements with Mohr-Coulomb law, for simulating 
the connection between the rigid elements.  
Concerning the type of structural analysis, three techniques were used: 
 Limit analysis based on the kinematic approach; 
 Static non-linear analysis (pushover). In general a horizontal load distribution 
proportional to the mass was adopted. However, in some analyses a load proportional 
to the first mode shape was applied. 
 Non-linear dynamic analysis with integration. The artificial accelerograms applied at 
the base of structures were generated by the experts, taking into account the 
normalized response spectra and the accelerogram envelope of the seismic action 
measured in the shaking table tests. 
The collapse of structures was evaluated through force-based, displacement-based and 
energy-based criteria. Most experts adopted limit analysis with rigid blocks to predict the 
Peak Ground Acceleration (PGA) that caused collapse of the structure, taking into account the 
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force-based and displacement-based criteria. The collapse mechanisms were defined based on 
the FEM and DEM (pushover analysis and mode shapes) and personal judgment. 
Several tools of structural analysis were used, namely the 3DECTM, Abaqus Unified FEATM, 
ANSYS®, DIANATM, LS-DYNA®, Strand7® as well as tools developed by the experts for 
limit analysis. Figure 6 presents examples of models prepared by the experts using different 
modelling approaches and different tools of structural analysis. 
The comparison of predictions was carried out mainly in terms of collapse mechanisms 
idealized from models proposed by the experts and respective PGAs. Furthermore, some 
experts used different assessment methods for the same collapse mechanism, which resulted 
in several PGAs for the same collapse mechanism. In the following sections the comparison 
of the blind predictions is presented. 
 
4.1   Predictions for the stone structure 
For the blind predictions of the stone structure, 13 different idealized collapse mechanisms 
were proposed by the experts (Figure 7). The proposed collapse mechanisms can be divided 
into the following sets: 
 Partial collapse of the gable wall (Mechanisms 1-4): Out-of-plane overturning of the 
lintel of the door with inclined cracks from the top corners of the door to the top of the 
tympanum. Out-of-plane overturning of tympanum with horizontal cracks at the top of 
the door. Partial out-of-plane overturning of the gable wall with diagonal cracks from 
the top corners of the gable wall to the base of the door. 
 Total collapse of the gable wall (Mechanism 5): Out-of-plane overturning of the gable 
wall with vertical cracks between orthogonal walls and without any collapse of the 
return walls. 
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 Total collapse of the gable wall and partial collapse of the return walls (Mechanisms 6 
and 7): Out-of-plane overturning of the gable wall with partial in-plane collapse of one 
or both return walls. 
 Collapse of the tympanum and partial collapse of the return walls (Mechanism 8): 
Out-of-plane overturning of tympanum with horizontal cracks and partial in-plane 
collapse of both return walls. 
 Partial collapse of the gable and return walls (Mechanisms 9-13): Partial out-of-plane 
overturning of the gable wall, involving diagonal and horizontal cracks, and partial in-
plane collapse of the return wall with opening. 
The estimated PGA at collapse of the blind predictions for the stone structure ranged from 
0.22 g to 2.50 g (Figure 8), with a wide variance between the predictions (COV=63%). The 
average of the estimated PGA for the stone structure was equal to 0.91 g. It is noted that the 
experimental PGA near the collapse was equal to 1.07 g. The large variance was mainly 
attributable to predicting the correct collapse mechanism. When considering only the good 
predictions in terms of collapse mechanisms, i.e. mechanisms similar to the damage observed 
in the shaking table tests (Mechanisms 9-13), the estimated PGA ranged from 0.53 g to 1.42 g 
and the coefficient of variation decreased to 31% (Figure 9). The average error between the 
experimental PGA and the PGA of the good predictions was equal to 28%, which corresponds 
to an acceptable error taking into account the complexity of the challenge. Most of the good 
predictions (67%) presented an estimated PGA of collapse lower than the experimental PGA. 
Within good predictions only two results were presented for the displacement of collapse at 
the top of the tympanum, namely 0.16 m and 0.25 m. According to the experimental results 
(Figure 3a) the displacement of collapse at this control point should be higher than 0.22 m 
(about half of the wall thickness). 
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The good predictions more close to the experimental results presented an estimated PGA 
equal to 1.11 g (Mechanism 11), which corresponds to an error of about 4%. This prediction 
corresponds to the collapse mechanism with lower error also in terms of displacement at 
collapse (0.25 m). The collapse mechanism proposed by this prediction was based on the 
damage obtained from a pushover analysis carried out with a FEM model (simplified micro-
modeling approach). Its response was based on two points, namely the point of maximum 
load capacity and the point of collapse. The point of maximum load capacity was estimated 
through limit analysis (kinematic approach) and linear stiffness of the FEM model. The limit 
analysis was carried out by applying the principle of virtual work. For computing the internal 
work a flexural tensile strength of masonry parallel and orthogonal to the bed-joints equal to 
0.10 MPa and 0.20 MPa was adopted, respectively. Furthermore, the tensile strength of the 
masonry obtained from the diagonal compression tests (0.22 MPa) was used for the cracks at 
the return wall with opening. Dynamic effects were also taken into account through the modal 
properties of the 1st mode of vibration of the structure and respective linear spectral 
acceleration. Finally, the point at collapse was defined based on the equilibrium for vertical 
loads, where it was assumed that displacement at collapse is equal to half the wall thickness. 
 
4.2   Predictions for the brick structure 
The collapse mechanisms predicted by the experts for the brick structure can be organized 
into the following types of mechanisms (Figure 10): 
 Partial collapse of the gable wall (Mechanisms 1-4): Out-of-plane overturning of the 
lintel of the door with diagonal cracks from the top corners of the door to the top of 
the tympanum or to the top corners of the gable wall. Out-of-plane overturning of the 
tympanum with a horizontal crack. Partial out-of-plane overturning of the gable wall 
with diagonal cracks from the top corners of the gable wall to the base of the window. 
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 Collapse of the gable wall (Mechanisms 5 and 6): Total or partial out-of-plane 
overturning of the gable wall with vertical cracks between orthogonal walls and 
without any collapse of the return walls.  
 Partial collapse of the gable wall and returns walls (Mechanisms 7 and 8): Partial out-
of-plane overturning of the gable wall, involving diagonal cracks, and partial in-plane 
collapse of the return wall with opening. Partial out-of-plane overturning of the gable 
wall, involving a vertical crack at the connection between the gable wall and the return 
wall without openings, and partial in-plane collapse of the return wall with opening. 
The experts presented 17 predictions for the brick structure. The estimated PGA at collapse 
for the brick structure (Figure 11) ranged from 0.30 g to 1.00 g (COV=39%), which means 
that the all predictions were lower than the experimental result (1.27 g). The average PGA of 
the predictions for the brick structure was equal to 0.64 g. 
The blind predictions for the brick structure presented greater difficulties, which can be 
related to the slenderness of the structure and to the torsional effects clearly observed during 
the shaking table tests. As a consequence, only fair predictions in terms of collapse 
mechanism were obtained. The collapse mechanisms considered as fair predictions are related 
to the damage due to the out-of-plane behaviour observed at the tympanum and to the damage 
caused by in-plane behaviour at the return wall with opening (Mechanisms 2 and 7). The 
average error of the PGA for these predictions was equal to 63% and the minimum error was 
equal to 21% (Figure 12). The collapse displacement at the top of the tympanum for the fair 
predictions ranged from 0.12 m to 0.31 m, which according to the experimental results should 
be less than or equal to 0.14 m (Figure 3b). 
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5. Conclusions 
The assessment of the out-of-plane behavior of masonry structures is still a challenge. Thus, 
two idealized masonry structures were built and tested on a shaking table, aiming to obtain the 
out-of-plane dynamic response of the structures. One structure was constructed of clay-unit 
masonry with English bond and the other of irregular stone. Several experts on masonry 
structures presented blind predictions on the response of the structures. The blind predictions 
were evaluated and compared with respect to the experimental results obtained from the 
shaking table tests. 
Several types of analysis, numerical modelling and approaches for assessment were adopted 
by the experts. In general, the predictions were carried out using limit analysis based on the 
kinematic approach, and the assessment of the collapse was based on the force-based and 
displacement-based approaches. The collapse mechanisms were defined through numerical 
models, based on the Finite and Discrete Element Methods, and personal judgment. 
Good predictions were obtained for the stone structure, either in terms of collapse mechanism 
or PGA at collapse. For the predictions assumed as good, the average and the minimum error 
of PGA at collapse was equal to 28% and 4%, respectively. The prediction having the least 
error was performed by using limit analysis based on the kinematic approach and the collapse 
mechanism was defined based on the pushover analysis with a FEM model. 
In the blind predictions of the brick structure only fair results were obtained, which can be 
related to the difficulty of predicting the correct collapse mechanism taking into account the 
torsional effects. Furthermore, the PGA at collapse for the fair predictions presented a high 
average error (63%). The minimum error was equal to 21%. 
Finally, it is concluded that most of the predictions present a PGA at collapse lower than the 
respective PGA obtained from the shaking table tests, i.e. both test structures resisted higher 
intensities before collapse than estimated by nearly all predictions. However, more efforts on 
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the out-of-plane behaviour of masonry structures should be conducted, aiming at improving 
knowledge on this type of behaviour and, consequently, presenting methodologies that allow 
results to be obtained that more closely match the real behaviour of masonry structures. 
Moreover, from the obtained collapse mechanisms, several were estimated based on expert 
judgement, which means that further research is needed within this topic. 
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(b) 
Figure 1 – Stone structure: (a) general view; (b) detail of the return wall with opening. 
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(b) 
Figure 2 – Brick structure: (a) general view; (b) detail of the return wall with opening. 
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(b) 
Figure 3 – Maximum relative displacement: (a) stone structure; (b) brick structure. 
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(d) 
Figure 4 – Crack pattern of the stone structure: (a) gable wall; (b) return wall with opening; 
(c) return wall without openings; (d) general view of the damage. 
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(d) 
Figure 5 – Crack pattern of the brick structure: (a) gable wall; (b) return wall with opening; 
(c) return wall without openings; (d) general view of the damage. 
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Models with rigid blocks FEM models DEM models 
 
(a) 
 
(b) 
Figure 6 – Examples of models developed by the experts: (a) brick structure; (b) stone 
structure. 
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Experimental (PGA=1.07g) Mechanism 1 (PGA: 0.30g; 0.80g) 
Mechanism 2 (PGA: 0.38g) Mechanism 3 (PGA: 0.95g) 
 
Mechanism 4 (PGA: 0.60g) Mechanism 5 (PGA: 0.49g; 2.00g) 
Mechanism 6 (PGA: 2.50g) Mechanism 7 (PGA: 0.22g) 
 
Mechanism 8 (PGA: 0.60g) Mechanism 9 (PGA: 0.65g) 
Mechanism 10 (PGA: 0.53g; 0.89g) Mechanism 11 (PGA: 0.58g; 0.92g; 1.11g) 
 
Mechanism 12 (PGA: 1.40g) Mechanism 13 (PGA: 0.87g; 1.42g) 
 
Figure 7 – Idealized collapse mechanisms for the stone structure. 
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Figure 8 – PGA for all blind predictions of the stone structure. 
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Figure 9 – PGA for the good blind predictions of the stone structure. 
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Experimental (PGA=1.27g) Mechanism 1 (PGA: 0.40g; 0.60g) 
Mechanism 2 (PGA: 0.30g; 0.37g; 0.39g; 0.47g; 1.00g) Mechanism 3 (PGA: 0.42g; 0.95g) 
 
Mechanism 4 (PGA: 0.75g) Mechanism 5 (PGA: 0.57g; 1.00g) 
Mechanism 6 (PGA: 0.86g) Mechanism 7 (PGA: 0.35g) 
Mechanism 8 (PGA: 0.75g; 0.76g; 1.00g) 
Figure 10 – Idealized collapse mechanisms for the brick structure. 
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Figure 11 – PGA for all blind predictions of the brick structure. 
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Figure 12 – PGA for the fair blind predictions of the brick structure. 
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